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Abstract 
Biodegradability and COD release of polylactic acid (PLA), polycaprolactone (PCL) and polylactic acid/Poly (3-
hydroxybutyrate-co-3-hydroxyvalerate) blend (PLA/PHBV) were determined in water solution with sludge as the 
inoculum, and the feasibility of using them as carbon sources to remove nitrate from nitrate-contaminated water was 
also investigated. The experimental results indicate that PLA/PHBV is degraded more rapidly and easily than PLA 
and PCL. PLA is difficult to be degraded in water solution, so it is unsuitable to be used as carbon source for 
denitrification. Average denitrification rates supported by PCL and PLA/PHBV were 6.34 and 6.63 mg L-1 h-1 with 7 
h HRT under a batch system, respectively. Nitrite was not detected in the treated water after 9-hour operation. 
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1. Introduction 
Nitrate is a common pollutant observed in wastewater, surface water and groundwater. Concern about 
nitrate pollution has resulted in the development of many techniques. The typical processes can be 
grouped into chemical-physical process and biological denitrification. From the viewpoint of cost and 
availability, microbial denitrification has been shown to be more practicable [1-3].  
The majority of microbial denitrification treatment relies on heterotrophic bacteria which require an 
organic carbon source. Therefore, in order to remove nitrate from groundwater and wastewater with low 
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C/N ratio, external carbon-containing substrates have to be added. Usually, dissolved carbon sources, such 
as ethanol, methanol, acetate or glucose, are used as electron donor for nitrate reduction [4-6]. The 
disadvantage of this treatment process is to need a close and rather sophisticated process control, and has 
the risk of over-dosing with the resultant deterioration of effluent water quality [7]. Solid substrates used 
as carbon sources can not only provide with the reducing power for denitrification, but also be as 
supporter favorable for development of microbial film. This process without adding soluble organic 
substrates avoids sophisticated system control, and is in favor of stable system operation [8, 9]. 
In this study, in order to remove nitrate from simulated nitrate-contaminated groundwater, the 
feasibility of several of biodegradable polymers made in China as the carbon sources was investigated. 
2. Material and Methods 
2.1. Materials 
Biodegradable polymers including polylactic acid (PLA), polycaprolactone (PCL) and polylactic 
acid/Poly (3-hydroxybutyrate-co-3-hydroxyvalerate) blend (PLA/PHBV) were provided by Shenzhen 
BrightChina Industrial Co., Ltd. (China). Their physical-chemical properties are shown in Table 1. 
 
 Table 1. Physical-chemical properties of biodegradable polymers used in the experiment 
A synthetic water medium was used to simulate the composition of nitrate-contaminated groundwater, 
which consisted of the groundwater from Banjing, Haidian District, Beijing, containing about 50 mg L-1 
of nitrogen and 10 mg L-1 of phosphorus by adding NaNO3 and KH2PO4, unless other stated. Any 
supplementary nutrients were not added into the groundwater treated in this study, except for nitrate and 
phosphate. The characteristics of groundwater used in the experiments are as follows: nitrate-nitrogen 
(NO3-N) 3.0–4.2 mg L-1; dissolved oxygen (DO) 3.0–4.5 mg L-1; nitrite-nitrogen (NO2-N) 0.0 mg L-1; 
COD 0.0–1.0 mg L-1; chloride ion (Cl-) 11.3–25.0 mg L-1, and pH 7.4–7.9. 
Activated sludge, with a concentration of 9 g L-1, obtained from Gaobeidian Sewage Plant (Beijing), 
was used as the seed source for denitrification. 
250 ml Erlenmeyer flasks were used as batch reactor for denitrification. Flasks were sealed by rubber 
plugs to maintain anoxic condition, and gas generated in reactions was discharged through exhaust pipes 
installed in rubber plugs. 
2.2. Biodegradability determination of polymers 
25 g PLA, 25 g PCL and 25 g PLA/PHBV were added into 250 mL flasks, respectively, followed by 
the addition of 150mL distilled water and 5mL activated sludge. Three parallel experiments were 
conducted at 30 oC. The samples were drawn on day 24, 48 and 72, respectively, and washed by distilled 
water and dried to constant weight at room temperature. Mass loss rate (MLR) is calculated by the 
following formula. 
 
Y = (M0-Mt)/M0×100%  (1) 
Biodegradable polymer Product mark Density (kg m -3) Surface area (m2 g -1) Molecular weight (Dalton) 
PLA A-1001 1.25 0.032 70000 
PCL 600C 1.12 0.013 60000 
PLA/PHBV 5300E 1.23 0.015 ü 
74   Ying Xu et al. /  Procedia Environmental Sciences  10 ( 2011 )  72 – 77 
 
where Y is MLR (%), M0 the original weight of the polymer (g), and Mt is the weight of the polymer (g) at 
any incubation time (t). 
2.3. COD release from different polymers 
25g PLA, 25g PCL and 25g PLA/PHBV were added into flasks, respectively, followed by the addition 
of 150 mL distilled water and activated sludge with the final concentration of 800 mg L-1. Flasks were 
placed on shaking incubator at 80 rpm and 30 oC. The water was poured away and 150mL fresh water 
was added every day, and released COD was assayed. 
2.4. Nitrate removal from simulated nitrate-contaminated groundwater 
25 g PCL and 25 g PLA/PHBV were added into 250 mL flasks, respectively, followed by the addition 
of 150mL water medium containing 50 mg L-1 NO3-N and activated sludge with the final concentration of 
800mg/L. Flasks were placed on shaking incubator at 80 rpm and 30 oC. Samples were drawn every day 
and assayed for nitrate. Below 10 mg L-1, NO3-N concentration was increased to about 50 mg L-1 by 
adding an appropriate volume of concentrated stock solution of nitrate in order that denitrifying bacteria 
could gradually attach onto solid carbon sources and formed biofilm [9]. When complete removal of 50 
mg L-1 of NO3-N was observed within 1 d, water medium containing microorganisms which did not 
adhere to the carrier was poured away and 150 mL fresh water medium was added. By continuous 
acclimation, denitrifying bacteria came to form stable biofilms onto solid carbon source, and a stable 
denitrification rate would be achieved. The average denitrification rate is calculated based on the 
following equation. 
 
R =  (Nout – Nin)/t  (2) 
where R is average denitrification rate (mg L-1 h-1), t hydraulic retention time (HRT), and Nout and Nin are 
the NO3-N concentrations in the effluent and influent, respectively.
2.5. Analysis 
The samples were filtered through 0.45 μm-pore membrane and tested within one hour after collecting. 
The filtrate was subjected to analyzing the concentration of NO3-N, NO2-N, and COD [10]. 
 
3. Results and Discussion 
3.1. Biodegradability of polymers 
Fig. 1 shows the biodegradation of PCL, PLA and PLA/PHBV. On day 24, MLR value of PLA was 
zero, and that for PLA/PHBV and PCL was nearly equal. After 24 d, MLR value of PLA/PHBV 
increased linearly; nevertheless, MLR values for PCL and PLA had a slight increase. MLR values of 
PLA/PHBV were 0.66% (24 d), 1.70% (48 d) and 3.24% (72 d), respectively.  
Hiraishi and Khan [7] made a comparison in biodegradability among commercially available aliphatic 
polyesters in activated sludge systems under denitrifying conditions. They found that two PHAs-related 
polymers, PHB and PHBV were degraded much faster than the others, followed by PCL; but PLA and 
poly (butyrene succinic acid) were fairly difficult to be degraded under denitrifying conditions. PHBV is 
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more rapidly degraded than PHB in aquatic environments [11]. From Fig. 1, it can be concluded that 
PLA/PHBV is degraded more rapidly and easily than PLA and PCL. 
3.2. Release of COD from different biodegradable polymers 
Fig. 2 shows the time course of COD released from PLA, PCL and PLA/PHBV. On day 5, COD 
concentrations released from PLA, PCL and PLA/PHBV were 0, 40 and 118 mg L-1. Since no COD was 
released from PLA during the whole experiment, PLA is unsuitable to use as carbon source supporting 
denitrification. For PCL, from day 8 onwards, COD concnetrations generated per day ranged between 7.6 
and 25.2 mg L-1. COD concnetrations released from PLA/PHBV were higher than PCL druing the whole 
process; nevertheless, the difference in COD concentrations released from them decreased gradually with 
time. The results illustrated in Fig. 2 demonstrated that PCL and PLA/PHBV could offer continuously the 
stable carbon source for microorganisms in water solution due to biodegradation. 
Fig. 1. MLR of PLA, PCL and PLA/PHBV                                            Fig. 2. COD release from PLA, PCL and PLA/PHBV 
 
3.3. The performance of denitrification using PCL and PLA/PHBV as carbon sources 
PCL and PLA/PHBV were used as carbon sources to remove nitrate from simulated nitrate-
contaminated groundwater since they could be degraded easily resulting in COD release in water solution. 
After 3-week domestication of microorganisms to polymers, the stable denitrification rates were obtained. 
As indicated in Fig. 3, average denitrification rates for PCL and PLA/PHBV within 7 h were 6.34 and 
6.63 mg L-1 h-1, and NO3-N concentrations in the treated water were 9.99 and 1.56 mg L-1, respectively. 
Denitrification performance supported by PLA/PHBV is slightly better than that of PCL in terms of NO3-
N concentration in the effluent and denitrification rate. 
NO2-N concentration in the treated water was tested at 1h interval, and result was shown in Fig. 4. 
Nitrite is one of intermediates in the process of biodenitrification, which is far more toxic than nitrate. 
According to Fig. 4, the maximum concentrations of NO2-N accumulated were 0.23 and 0.08 mg L-1, 
respectively, in PLA/PHBV and PCL systems. NO2-N concentration was nearly zero after 9-hour reaction, 
which may be because nitrite accumulated was reduced to nitrogen gas by denitrifiers in the 
denitrification system. 
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Above-mentioned results indicated that the treated water could meet the drinking water standard in 
view of nitrate and nitrite contents using PCL and PLA/PHBV as carbon sources. Meanwhile, polymers 
can serve as the biofilm supporter to maintain enough biomass for nitrate reduction [4]. Previous studies 
have shown PCL can be used as both carbon source and biofilm supporter to remove nitrate from 
contaminated water [5, 9]. This research indicated that a novel biodegradable polymer, PLA/PHBV had a 
relatively higher denitrification rate and biodegradability than PCL. 
Fig. 3. Time course of NO3-N concentration in the treated water       Fig. 4. Time course of NO2-N concentration in the treated water 
4. Conclusions 
• PLA is difficult to be degraded in water solution. PCL and PLA/PHBV can offer continuously the 
relatively stable carbon source in water solution inoculated with sludge. 
• Nitrate was effectively removed from simulated nitrate-contaminated groundwater using PCL and 
PLA/PHBV as carbon sources and biofilm supporter. 
• Average denitrification rates supported by PCL and PLA/PHBV were 6.34 and 6.63 mg L-1 h-1 with 7 
h HRT in a batch system, respectively. Nitrite was not detected in the treated water after 9-hour 
operation. 
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